Introduction
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Soil contamination by metals is critically increasing and has become a major environmental issue 53 (Alloway 1995; Smith and Huyck 1999; Baize and Tercé 2002). The Democratic Republic of Congo (DR Congo) Fe2O3 and MnO were respectively 5.5; 6.2; 24,400 and 850 mg kg -1 . The soil pH (water) was 4.5 ± 0.05 and OM 141 content (loss on ignition, 500 °C for 8 h) was 6.0 ± 0.15%. The CaCl2 (0.01 M)-extractable Cu and Co 142 concentrations (Van Ranst et al. 1999) were 0.07 ± 0.002 mg kg -1 (n = 6) and 0.06 ± 0.008 mg kg -1 (n = 6), 
155
Cu, two additional treatments were tested: +Co and +MnOx+Co. A non-treated soil, hereafter referred to as 156 "control-0" in the paper, was also included. Each treatment was carried out in six replicates, divided in three blocks, After harvesting, plants were carefully brushed (whole shoots), washed with Alconox® 1% in deionized 170 water, dried at 65 °C for 48 h and weighed based on the procedure by Faucon et al. (2007) . The Cu and Co 171 concentrations in leaves of A. chinensis and H. annuus were determined using ICP-MS following digestion using 172 a closed microwave system. Briefly, 0.2 g (accurately weighed) of leaf powder was mixed with 8 mL concentrated 173 HNO3 and 2 mL concentrated HCl (Avula et al. 2010) directly in a microwave Teflon vessel (Lavilla et al. 2009 ).
174
After homogenization of the mixture, the vessels were placed in the microwave system (Mars 5, CEM Corporation, 
179
and OM content (loss on ignition, 500 °C for 8 h) were measured at the end of the experiment for each treatment.
180
The OM content did not vary while the pH of soils enriched with OM were slightly lower (pH = 4.7 ± 0.05) than 181 those of soils without added OM (pH = 4.9 ± 0.05). Then, the soil of each pot was dried at room temperature, 
184
Varian Vista MPX). The precision and accuracy of analysis were determined using in-house standards for soils; 185 biases of ± 5% were obtained in this case. In this study, variations of Cu and Co mobility were assessed by The results showed an effect of Cu concentration, treatment and a significant interaction concentration  203 treatment (Table 1) . Exchangeable Cu increased from ca. 10 mg kg -1 in the low Cu treatment to ca. 60 mg kg -1 in 204 the high Cu treatment. At 200 mg kg -1 Cu, treatments did not significantly affect exchangeable Cu (Fig. 1a ). In 205 contrast, at 500 mg kg -1 Cu, exchangeable Cu was significantly lower in the +OM soil than in the control (42 ± 6 206 mg kg -1 and 57 ± 10 mg kg -1 , respectively). A decrease was also observed for OM combined with oxides 207 (+OM+FeOx, +OM+MnOx, +FeOx+MnOx+OM), but this was not significant. The results demonstrated that Cu 208 mobility was mainly influenced by the OM quantity in soil in the way that increasing soil OM content decreased 
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Moreover, OM was supplied in the form of peat, which has a high capacity to adsorb Cu (Kumpiene et al. 2008 ).
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In contrast, Cu mobility was not decreased by FeOx amendment, contrary to our expectations ( Fig. 1a 
221
For Co, the results showed a concentration effect on the exchangeable concentration (Table 1 ).
222
Exchangeable Co increased from ca. 5 mg kg -1 in the low Co treatment to ca. 40 mg kg -1 in the high Co treatment.
223
At 20 mg kg -1 Co, the treatment affected the exchangeable Co (Fig. 2) , while it did not at 100 mg kg -1 Co (data 224 not graphically represented). Contrary to expectations, MnOx supply did not influence Co mobility, while a 20 mg kg -1 Co, exchangeable Co was higher in +OM, +FeOx, +OM+FeOx, +OM+MnOx and +FeOx+MnOx+OM 230 soils (6.3 ± 0.3 mg kg -1 ), than in the control (4.8 ± 0.3 mg kg -1 ) (Fig. 2) . The increase in response to OM could be 231 explained by the fact that Co desorption is easier when bound to humic acids than to oxides (McLaren et al. 1986 ).
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Moreover, at 20 mg kg -1 Co, OM also had an effect on pH (from 4.9 to 4.7 ± 0.05), which may have increased Co 
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For foliar Cu in A. chinensis, there was an effect of the concentration, the treatment and the interaction 257 concentration  treatment, while no treatment effect was found for H. annuus (Table 2) . At 200 mg kg -1 Cu, foliar 258 Cu of A. chinensis was higher on +FeOx and +Co soils (13 ± 0.7 mg kg -1 and 14.2 ± 1.3 mg kg -1 , respectively).
Interestingly, this behaviour was not associated with an increase of exchangeable Cu (Fig. 1a ). In a previous study 
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foliar Cu of A. chinensis was strongly reduced in plants growing on all treatments with OM (from 40 ± 5 mg kg -1 267 to 22 ± 1 mg kg -1 ) ( Fig. 1b ). For these treatments, a strong correlation was observed between the exchangeable Cu 268 and the foliar Cu (r = 0.84, p<0.01), which suggests that the decreased uptake reflects the corresponding decrease 
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For foliar Co, at 20 mg kg -1 Co, there was an effect of the treatment for A. chinensis, not verified for H.
273
annuus (Table 2) . However, for A. chinensis, foliar Co for each treatment did not significantly vary from the 274 control. Interestingly, variations in the Co mobility observed between treatments did not lead to variations of Co 275 accumulation for A. chinensis (Fig. 2) . The hypothesis of a higher Co accumulation in plants growing on soils 
282
In the same way as for Cu, the results obtained for Co raised the complexity of metal availability, which 283 results in species-specific soil-plant processes, strongly influenced by rhizosphere chemistry and biology (Wenzel p<0.001; for A. chinensis and H. annuus respectively) ( Fig. 4a, b) . The control-0 soils had an exchangeable Cu of 294 0.07 mg kg -1 (± 0.004 mg kg -1 ). Increasing exchangeable Cu to 10-13 mg kg -1 had no impact on A. chinensis 295 shoot biomass, whereas the shoot biomass of H. annuus was negatively affected (Fig. 4b ). Increasing exchangeable 
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Exchangeable Co in the control-0 soils was 0.06 mg kg -1 (± 0.006 mg kg -1 ). Increasing exchangeable Co 306 to 4-6, and to 6-7 mg kg -1 , had no impact on A. chinensis growth (H = 3.5, ns) while H. annuus growth decreased 307 steadily compared with the control-0 plants (H = 16.3, p<0.001) (Fig. 5a, b) . These results represent the first 308 demonstration of the capacity to grow and survive at high levels of mobile Co in the soil in a population of A. (Fig. 4a, b) . Anisopappus chinensis accumulated Cu increasingly when 323 increasing exchangeable Cu to 10-13, 40-50 and 50-60 mg kg -1 . Plants of A. chinensis on the highest Cu range 324 had a concentration of Cu in the leaves six times higher than control-0 plants (36 ± 2 mg kg -1 ). For H. annuus, an 325 increased accumulation was also observed (163 ± 7 mg kg -1 at 10-13 mg kg -1 ) but with strong growth inhibition 326 and toxicity symptoms, reflecting metal-induced stress behaviour. Interestingly, in its native site, at a similar range 327 of Cu in soil (10 to 50 mg kg -1 ), leaf Cu of A. chinensis was almost 20 times higher (mean = 251 ± 123 mg kg -1 ) 328 (Lange et al. 2014 ) compared with our plants cultivated in pots (mean = 14.5 ± 5.6 mg kg -1 ).
329
Leaf Co concentrations increased while increasing soil-exchangeable Co for the two species (H = 14.1 330 and H = 16.4, p<0.001; for A. chinensis and H. annuus, respectively) ( Fig. 5a, b) . Anisopappus chinensis 331 accumulated Co from 0.2 to 20 ± 3 mg kg -1 when exchangeable Co increased from 0-1 to 4-6 mg kg -1 . For H.
332
annuus, an increased accumulation was also observed (from 1 to 165 ± 28 mg kg -1 ) but the plants exhibited 405 Table 2 
. ANOVAs on the Cu and Co leaf concentrations of Anisopappus chinensis and Helianthus annuus 407
The 'Concentration' factor (two levels for Cu and one level for Co) corresponds to the soil metal concentration: 408 200 or 500 mg kg -1 for Cu and 20 mg kg -1 for Co. The 'Treatment' factor (10 levels for Cu and eight levels for 409 Co) corresponds to soil treatments. For Cu and Co, the treatments were: control, +OM, +MnOx, +FeOx, 410 +OM+FeOx, +OM+MnOx, +FeOx+MnOx, +FeOx+MnOx+OM, with two additional treatments for Cu: +Co and 411 +Co+MnOx. For H. annuus, no results were obtained for plants growing on the 500 mg.kg -1 Cu soils. 412 ***, p<0.001; **, p<0.01; *, p<0.05; ns, not significant. 
